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What is claimed is: 

1. A magnet type stepping motor comprising ' 
(1) a stator having three-phase stator// 

windings, and 6m pieces of stator main wHe 
arranged side by side, where m is an/fnteger and 
^ 1, the stator windings of one/phase being 
wound around every two stator/main poles among 
the 6m pieces of the main pole, wherein 

when the stator windis»«gs of one phase are 
excited with a direct current, m pieces of N pole 
and m pieces o f/ S pole—ar.e formed alternately 
on the 6m nieces of stator main pole, and 

(2/ a rotor of a cylindrical permanent 
magpet magnetized in the circumferential 
4lrection so as to form Z/2 pieces of N pole and 
Z/2 pieces of S pole alternately, where Z is the 
number of rotor poles. 

2. The permanent/magnet type stepping 
motor as claimed in c/aim 1, wherein the 
number of rotor pole/s is set to m- (12n± 2) 
preferably, where ti is an integer and ^ 1. 

3. The permanent magnet type , stepping 
motor as claimed/ in claim 1, wherein the 
number of roto/ poles is set to m- (12n±2) 
preferably, a/d a plurality of pole teeth are 
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formed on each of\ thfe . stator main poles, where 



n is an integer an,</ ^ 2. 



A permanent mainet type stepping motor 



having two-phase stator 
of stator main pole 



comprising (1) a stator 
windings, and 12 pierces 
arranged side by side\ the stator windings of 
one phase being wound abound every one stator 
main poles among the 12 



main pole, wherein 
one phase are excited w 
pieces of N pole ani~3 
formed alternately ]pr\ t 
main pole, and 



pieces of the stator 
the stator windings of 
th a direct current, 3 
ieces of S pole are 
e 12 pieces of stator 



(2) a rotor of a cylind^ 

\ 



circumferential 
5/2 pieces of N pole and 



magnet magnetized in the 
direction so as to form 

Z/2 pieces S pole al ternitely, where Z is the 
number of rotor poles, 

5. The permanent m*gnet type stepping 
motor as claimed in claia 4, wherein the number 
of rotor poles is set to 
integer and ^ 1. 



irmanent 



6. The permanent mignet type ste ping 
motor as claimed in clain 4, wherein the number 



of rotor poles is set to 



24n± 6, where n is an 



24n± 6, and a plurality 
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of pole teeth aVe^f-tfrmed on each of the stator 
main poles, wj>^rie__n_^is an integer and ^ 2. 

7. A hybrid itype stepping motor comprising 

(1) a stator nWing two-phase stator 
windings, and 12 pieVes of stator main pole 
arranged side by side\ the stator windings of 
one phase being wound \round every one stator 
main poles among the 12\pieces of the stator 
main pole, wherein when We is^ToTVindings of 
one phase are excited witmU direct lurrent, 3 
pieces of N pole and 3 piecfes ofS/pole are 
formed alternately on the S2^^eces oKstator 
main pole, and J (jM J 

(2) a hybrid type rotibr cXnsistipfe of two 
rotor elements of \^neti<* matej^tfl each formed 
on the circumference thereof with\a plurality of 
pole teeth and of a permanent magnW magnetized 
in the axial direction held between\said two 
rotor elements. \ 

8. The hybrid type stepping mot\r as 
claimed in claim 7, wherein the numberXof rotor 
pole teeth is 12n ± 3, where n is an integer 
and £ l. \ 

9. The hybrid type stepping motor as\ 
claimed in claim 7, wherein the number of r\tor 
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pole teeth is 12n As, and a plurality of pole 
teeth are formed on \each of the stator main 
poles, where n is an\integer and ^ 2. 

10. A hybrid inn^r rotor type stepping 
motor comprising 

(1) a stator havinV three-phase stator 
windings of U, V f and W # \ and 12 pieces of 
stator main pole arraj>gec^ side t>V side and 



extending rar ial ly A orm 
k pieces of pole tVoth 
end of each stator mair 



aii annular stator york, 



bei^g formed ok the tip 
poI^V where k as an 
integer and ^ 2, the k tator\ w^Yndin&Z of one 



25 



phase being wound around every pro stator main 
poles among the l^p+M^^CT tfhe stator main pole, 
wherein when the stator windings of one phase 
are excited with a direct current, 2 pieces of N 
pole and 2 pieces of S pole are \ormed on the 4 
pieces of stator main pole, and 

(2) a hybrid type inner rotor\ consisting 
of two magnetic rotor elements each\having a 
plurality of pole teeth on the outeA per ipheral 
surface thereof and a permanent magnet 
magnetized in the axial direction and\held by 
the two magnetic rotor elements therebetween, 
the one magnetic rotor element being deviated 
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from the other \in the peripheral direction by 
1/2 pitch of thd pole teeth, wherein the number 
of the pole tooth is 12 k ± 2. 

11. A hybrid\outer rotor type stepping 
motor comprising 

(1) a stator h^v i ng^h^ee-phase stator 



windings of U, V f 
stator main pole^ arija 
extending radial 
k pieces of pole toot 
end of each stator Jain 
integer and ^ 2 f tlje sta 
phase being 



^ 2 f the 
woitfr^aJo^ 



and 12 pieces of 
by side and 
annular\stator york, 
ing formed! on the tip 

k is an 
tor windings of one 
fery two stator main 



25 



poles among the 12 pieces oV the stator main pole, 
wherein when the stator windings of one phase 
are excited with a direct curYent, 2 pieces of N 
pole and 2 pieces of S pole ar^ formed on the 4 
pieces of stator main pole, an< 

(2) a hybrid type outer rotW consisting 
of two magnetic rotor elements each having a 
plurality of pole teeth on the inrker peripheral 
surface thereof and a permanent magiiet 
magnetized in the axial direction aAd held by 
the two magnetic rotor elements therebetween, 
the one magnetic rotor element being deviated 
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from the otherUn the peripheral direction by 
1/2 pitch of thfe pole teeth, wherein the number 
of the pole tooth is 12 k ± 2. 

12. The stepping motor as claimed in claim 
10 wherein the pitfch of stator magnetic pole 
teeth is not largeyTthan tl^s pitch of rotor 
pole teeth 

lase stepping 



13. A hy| 
motor comprising 

(1) a stator 
windings of U, V, 
stator main p 



25 



having three-ph/ase stator 
and W,\and j^f pieces of 
ajrrangejdrVTide by side and 
extending radially form an\annular stator york, 
k pieces of pole tooth beinfr formed on the tip 
end of each stator main pole\ where k is an 
Integer and ^ 2, the stator windings of one 
phase being wound around every\two stator main 
poles among the 12 pieces of th\ stator main pole, 
wherein when the stator windings\of one phase 
are excited with a direct current\ 2 pieces of N 
pole and 2 pieces of S pole are foiimed on the 4 
pieces of stator main pole, and 

(2) a hybrid type rotor consisting of two 
magnetic rotor elements each having a\plurality 
of pole teeth on the peripheral surfac\ thereof 
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and a permanent Vagnet magnetized in the axial 
direction and hel\d by the two magnetic rotor 
elements therebetween, the one magnetic rotor 
element being deviated from the other in the 
peripheral direction by 1/2 pitch of the pole 
teeth, wherein in ca^e that the windings of star 
or delta connection ake^&xe-i^d, the wiring 
direction or the wading direction of the 



windings of one 
remaining phases. 

14. An outer ro 
comprising 

a rotor leaving 



i\ reversed to that of the 



stepping motor 



ile te\&«T of 12n ± 2 on the 
inner peripheral surface theVeof, where n is an 
integer and ^ 1, 

a stator having three-pha\se 
stator windings of U, V and W, \and 12 pieces of 
stator main pole arranged side by side and 
extending radially outwardly frott an annular 
stator york, a plurality of pole teeth being 
formed on the tip end of each stater main pole, 
and a permanent magnet magnetized l\ the axial 
direction thereof and held between sblitted 
stator elements, the stator windings bf one 
phase being wound around every two stator main 
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poles among tihe 12 pieces of the stator main 
pole, each of \the windings being wound extending 
over the two sp\litted stator elements, wherein 
when the stator windings of one phase are 
excited with a diVect current, 2 pieces of N 
pole and 2 pieces W S pole are formed on the 
4 pieces of stator Win 

15. The steppi^| potor as j/laimed in claim 

lhdin£&»<6f— s4-ar or delta 
ie winding eVids of the 
)hases are connected 



14 wherein when t(he w 
connection are excited 
windings of U, V and 



together and the winding\direction pi the 
windings of one phase/ is keyerse^f to that of the 
remaining phases 

16. The outer rotor typ.e "stepping motor 
as claimed in claim 14, wherdin both sides of the 
rotor are supported by two brackets, 
respectively, so as to form a g\ap between the 
inner peripheral surface of the\rotor and the 
outer peripheral surface of the s\tator. 

17. A driving method of a thrtee-phase annular 

Is \ 

winding cascade craw-pole type stepping motor 
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comprising X 1 ) a rotor consisting of a 
cylindrical magnet magnetized in the 
circumferential direction so as to form M 
pieces of N po\e and M pieces S pole alternately, 
where M is an i\teger and ^ 2, and (2) a stator 
having annular tflree stator units arranged in 
the axial di rect ion o£--4*^rotor concentrically 
with the rotor a^fsy, each of \said stator unit 
consisting of \wo \oppos i te 9aator cores having 
10 craw poles extending >ftsrfSlly on the^nner 

peripheral surface ttfe^eof, and of oi/e of three 
stator windings of U, and W phases held between 
said two stator cores, s^aid wj^rtfings of U, V and 
W phases being iTrr**H>etrTb this order in the axial 
15 direction, said craw poles\being separated by 

180 # /M from one another arfd magnetized by 
said stator winding in opposite polarities 
alternately, said three statoV windings being 
connected to form a star or deita connection, 
20 adjacent craw poles magnetized by the stator 

windings of U phase and V phase ^re deviated 
by 60° /M from each other in the 
circumferential direction, and adjacent craw 
poles magnetized by the stator windings of V 
25 phase and W phase are deviated by 60\ /M from 
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each other in the circumferential direction, 
said annular istator windings being excited so 
that a magnetic flux generated by the annular 
stator windings\of one phase in the axial 
direction become^ always opposite to that by 
annular stator windings of the other phase, 
in case of two pha^e excijtjjig^dr i ving, 

18. A driving i^tfyod of a three-phase 
annular winding q&scAd^ craw-po/e type 



stepping motor compri 

a rotor consistin 
magnet magnetized in t 



ng 



of a cylindrical 



25 



ie\ circumferential 
direction so as to for a fkpieces of U/pole and 
M pieces S pole alternately ^ wher§xtt is an 
integer and ^ 2, arft 

a stator having annular\ three stator 
units arranged in the axial direction of the 
rotor concentrically with the Votor axis each of 
said stator unit consisting of two opposite 
stator cores having craw poles extending 
axially on the inner peripheral surface thereof, 
and of one of three stator windings of U, V and 
W phases held between said two stator cores, 
said windings of U, V and W phases bAing arranged 
in this order in the axial di rect ion, \said craw 
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windings of V phase 
by 120° /M from each 



25 



poles being separated by 180° /M from one 
another and magrtettzed by said stator winding 
in opposite polaAities alternately, said three 
stator windings being connected to form the star 
or delta connection, adjacent craw poles 
magnetized by the stator windings of U phase 
and V phase are deviated by 120° /M from each 
other in the circumferential \Urect ion, and 
adjacent craw po^es VnaVnetlze/l by the stator 

and\W ptfas-e^are deviated 
ottf&r in the 
circumferential dire it(op\ wherein ithe magnetic 
flux generated by aniular stator ^windings of 
one phase i^n the axl il direction becomes always 

t^a by the other annular 
stator windings of the other Vhase adjacent to 
said annular stator windings oV said one phase, 
but a magnetic flux generated bV the annular 
stator windings of one phase in \the axial 
direction becomes always opposite\ to that 
generated by the annular stator windings of the 
other phase which is not adjacent \o said 
annular stator windings of said one\phase, in 
case of two phase exciting driving. 

19. A driving method of a three-Jkhase 
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annular winding\ cascade craw-pole type stepping 
motor comprising) 

a rotor consisting of a cylindrical 
magnet magnetized \n the circumferential 
direction so as to form M pieces of N pole and 
M pieces S pole alternately, where M is an 
integer and ^ 2, and\a jrtat or having annular 
three stator uni ts^tfrr^nged in\the axial 
direction of thfi rotor \oncentj/i cal ly with the 
rotor axis each x of s),ald M fttXr u nit consisting 
of two opposite statjor^fadtfrbs having craw poles 

the iikier peripheral 
of one V>f tlu^ee stator 



extending axially on 
surface thereof 
windings of U 



W phaseA'neld between said 



two stator cores, said winding^ of U, V and W 
phases being arranged in this oVder in the axial 
direction, said craw poles being) 
separated by 180* /M from one another and 
magnetized by said stator winding \n opposite 
polarities alternately, said three Sstator 
windings being connected to form the\star or 
delta connection, adjacent craw poles 
magnetized by the stator windings of lAphase 
and V phase are deviated by 120° /M fro\ each 
other in the circumferential direction, 
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adjacent craw poltes magnetized by the stator 
windings of V phase and W phase are deviated 
by 120° /M from eac\ other in the 
circumferential di^e-^Tion, ^ch of said annular 
stator windings, 
annular stator 
unipolar circuit hav 
a magnetic flux generated 1 
stator windin 
direction becom 



cei 



er tap, said 
excited by a 
transistors so that 
xcited annular 
phalsfe >rf the axial 
opposite to that 



,by 



generated by the excited annular stator 
windings of other phase, in ca\se of two phase 
exciting driving. 




20 



25 



